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Abstract 
Proof of Concept of Embedded Solution in Auto-Navigation Destination and Vehicle Collision Avoidance is realization idea which 
produces evidence that the concept and the feasibility of the auto-navigation and collision avoidance without human drive can be proved 
and justified. The vehicle will be able to navigate itself automatically to the desired destination. Besides auto-navigation, the two vehicles 
will also have the capability to avoid collisions with each other using wireless communication via Zigbee. For auto-navigation, the vehicle 
will move a certain distance forward and calculate its latitude, longitude and its bearing values with relative to the destination point. For 
the collision avoidance, each vehicle will be equipped with the XBee 802.15.4 transceiver whereby they will transmit and receive their 
current position and predict whether both of them will collide or not along the way. The experimental results showed that the vehicles are 
able to auto-navigate to the intended location within a destination position arriving tolerance of ±5m radius range.  The Zigbee wireless 
communication is also successfully implemented and was able to transmit and receive data at long distances (45 m for non-light of sight 
and 60m for line of sight). 
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Nomenclature 
D Distance between both the vehicles (m) 
Lat  Latitude 
Long Longitude 
Greek symbols 
ǻ Difference 
1. Introduction 
In this modern era, the number of vehicles are increasing immensely especially in metropolitan cities. As the number of 
vehicles increases, this contributes significantly to the rise toll of deaths due to crash accidents, heavy traffic jam and 
various other problems. As reported in the news, around 6 745 people died in road accidents in year 2010 [1]. This project 
named “Proof of Concept of Embedded Solution in Auto-Navigation Destination and Vehicle Collision Avoidance” 
provides the key solution to the problem by proving this auto-navigation and vehicle collision avoidance concept.  
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The concept of this project is to implement an artificial intelligence to the vehicle to navigate itself to the location 
inputted by user. The vehicle will move independently to the location set by its user by performing a mathematical 
calculation of its current position, which can be obtained with the aid of navigational information of the Global Positioning 
System, and the position inputted by its user to process out navigational directions. This concept will definitely make it 
easier for people, especially the elderly, to get from one place to another safely without getting lost or worrying about the 
methods of reaching their destination. This would improve the efficiency of road transportation and increase the safety of 
the passengers during transportation. Besides that, human no longer need to brake or get worried if accident were to occur as 
the vehicles themselves will be able to avoid any crash collisions with other vehicles. This will definitely reduce the number 
of on-site deaths on the road. 
This paper is organized as follows. In Sec. 2, the background study is outlined. The methodology is presented in Sec. 3 
where the hardware implementation, auto-navigation destination, Zigbee wireless communication and collision avoidance 
are described. In Sec. 4, the results and discussions are presented. The tests conducted include accuracy of the GPS module, 
GPS receiver response time, Zigbee range/distance test, Received Signal Strength Indication (RSSI) test; transmit rate and 
response time for the Zigbee (Xbee) transceivers and measurement of Collision Avoidance. The conclusion is outlined in 
Sec. V. 
2. Background Study 
There are several existing autonomous vehicles in the market currently which include the Google driverless car [2], 
Autonomous Audi TTS Pikes Peak [2] and Park Shuttle [2]. For the Google Driverless car, the key technology used here is 
a robust Artificial Intelligence (AI) software that manages to integrate the incoming input of the attached video cameras 
(computer vision technology) inside the car together with the information obtained from Google Street View [3]. One of the 
main sensors that are being implemented to this vehicle is a rotating Light Detection and Ranging (LIDAR) sensor attached 
to the top of the car. 
Besides that, the implementation of using the Zigbee protocol for inter-vehicle communication and between vehicle and 
infrastructure in transportation applications as well as the experimental results that proves the selection of Zigbee is an 
excellent device [3]. Zigbee is chosen for the following reasons; it is fairly a low-cost power wireless networking standard 
for sensors and automotive devices, and the Zigbee network layer supports star, tree and mesh network topologies. For a 
mesh topology, a typical Zigbee coordinator is responsible for starting the network and choosing certain key parameters. 
This communication method was tested in the Embedded Middleware in Mobility Application (EMMA) project and the 
team integrated Carrier Sense Multiple Access (CSMA) together with the Zigbee protocol. The primary advantages includes 
the reduce of current drain, longer battery life that eliminates the waiting time of polling, low power usage as well as low 
overhead and can be paired up many devices. 
Based on the criteria above, the auto-navigation and collision avoidance robot is a stepping stone in implementing 
vehicles with Artificial Intelligence capability and able to reduce human error. 
 
3. Methodology 
3.1. Hardware implementation 
The overall block diagram of the project is shown in Figure 1. The control system of the project consists of several 
devices which include the microcontroller, GPS receiver unit, Zigbee module as well as the L293D motor driver. The main 
brain of this vehicle is the microcontroller which is the PIC18F4550. Initially, the GPS receiver will obtain the signals from 
the satellite and send these signals to the PIC. The keypad is used to enter the desired latitude and longitude values, whereas 
the LCD screen will display the characters for the users viewing. Aforementioned, the Zigbee module is to communicate 
wirelessly with other vehicles and has a bidirectional communication with the PIC. The L293D motor driver functions by 
determining the vehicle’s turning and movement and the 6 sensors are for obstacle avoidance. 
Table 1 shows the overall hardware components used and each of their functionality. The microcontroller plays the main 
role as it acts as the brain to implement the mathematical algorithm and perform the mathematical calculations. 
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Fig. 1. Hardware Block Diagram 
 
 
Table 1. Hardware component and their functionality. 
 
3.2. Auto-navigation destination 
The auto-navigation concept implemented here is to calculate the difference in bearing of the current position where the 
vehicle is currently standing, with relative to the desired position coordinates. To automatically navigate the vehicle to the 
desired destination, the MCU must first know the direction of the destination’s coordinate position that it is heading 
towards. Thus, the vehicle has to randomly move for a few meters and calculate the differences in the angle and bearing as 
illustrated in Figure 2. Before the calculation of the bearing can be done, the Latitude and Longitude parsed out from the 
Recommended Minimum Specific GNSS Data (RMC) is in the form of ‘ddmm.mmmm’ and ‘dddmm.mmmm’. 
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Figure 2. Movement of vehicle from current position to the destination point. 
3.3. Zigbee wireless communication  
The Master Zigbee will transmit and receive the data first from the Slave; only then it is followed by the Slave Zigbee to 
transmit and receive the data later from the Master device as outlined in Figure 3. Three main things are focussed in this 
wireless communication: 
• Establish a handshaking operation between both the Zigbees before proceeding to send the intended string values. 
• Making sure the wireless communication established is stable and data are able to be transmitted without much 
signal/data loss.
• Assigning an appropriate delay time between each character that is being sent in the whole chunk of string data.
 

Fig. 3. Wireless communication for master Xbee 
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Once the Zigbee connections are established between the master and slave vehicles, thus now the master will be able to 
find the slave. The master will send multiple acknowledgements to the slave, and upon receiving the acknowledgment 
signal, the slave will reply back to the master. Hence, both of the vehicles will then interface with each other. The time 
taken to establish the connection is extremely fast, i.e. approximately 90 to 100 us. An appropriate delay time is needed to 
be assigned between each character as the PIC used is not as powerful as a microprocessor, and thus is unable to execute the 
program instruction very fast compared to the latter. Hence, an appropriate delay time has to be implemented.
3.4. Collision avoidance  
For this method, each of the vehicle’s MCU will be programmed with their own radius value and the distance between 
both of these 2 vehicles will be calculated by using Eq. (1). From time to time, when both the vehicles are nearing each 
other, the distance will be checked and is both of their radiuses overlap, this indicates that both the vehicles are close to each 
other and the collision avoidance mode will be triggered on. Once the two radiuses of the vehicles which were initially set 
overlaps, thus one of the vehicles will stop and allow the other vehicle to pass through in order to avoid the collision from 
occurring.  
                                                         
 
4. Results and Discussion 
4.1. Accuracy of GPS module 
The accuracy of the GPS module plays a pivotal role in determining how accurate the robotic vehicle’s auto-navigation 
movement. The accuracy of the GPS module will definitely affect the accuracy of the robotic vehicle as well. Hence, before 
linking the GPS receiver together with the main circuit MCU, experiment to determine the accuracy of the GPS module is 
conducted first. The accuracy of this device can be determined by calculating the percentage error or error margin of the 
theoretical values of latitude and longitude with the practical values obtained as shown in Table 2. The number of tests 
taken for this experiment is 20 samples. 
 
4.2. GPS receiver response time 
The response time depends on 2 criteria, either the GPS receiver is in the cold start or warm start condition. Cold start is 
when all the previous information is dumped by the receiver and resets back to its original state, whereby it starts to 
calculate and attempt to find the satellites [4]. A total of 5 attempts were taken for each situation. For the cold start, the 
average time taken is 323.62s whereas the time taken at warm start is relatively much faster which 132.95s is. This shows 
that the response time of the GPS receiver at cold start is twice as slower than the response time when it is at warm start. 
Thus, in order to obtain the accurate GPS signals when the latitude and longitude values are fluctuating, thus the laws of 
averaging (median and mean) formula are implemented. The hot and cold start applies for this GPS module as it is an 
educational GPS receiver, rather than the actual marketed GPS receiver. Thus, it needs a certain time to be initiated. 
 
Table 2. Latitude and longitude values at a sample point and the corresponding percentage errors 
( ) ( ) (1)                                                                        :Distance 22 LongLatD Δ+Δ=
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4.3. Zigbee Range/Distance test and Received Signal Strength Indication (RSSI) test 
Received Signal Strength Indication (RSSI is defined as the measured power of a received radio signal. It is commonly 
been implemented using the 802.11 standard protocols. From the results obtained, it is observed that percentage of 
successful transmitted and received data packets decreases (especially after 65m) as the distance of the transmission range 
increases and so as the ratio of signal strength indication. It can be said that the distance mark of the acceptable range 
between 2 Zigbees for data transmission and receiving is 60m. If the distance were to be increased, this might lead to the 
potential of failure in delivering the data packets as most of the signals will be lost. This is proven by the percentage of good 
data received for the range of 70m as shown in Figure 4. 
 
Fig. 4. Range of RSSI and test range when Xbee is at line of sight. 
For 70m, 7 data are good whilst the remaining 3 are bad or not good data. This means that only 70% of the data are 
being received, the remaining 30% of data packets that are sent failed to be delivered. Thus the signal received is 
incomplete. Even though from the datasheet, it is stated that the maximum distance range for data transmission at line of 
sight is approximately 100m, however from this experiment, the data packets are only able to be delivered successfully 
(secure connection) at 60m maximum. This is due to several possible factors such as terrain sensitivity, absorption of 
signals, atmospheric conditions depending on the type of environment, weather conditions and humidity, as well as 
interference. 
4.4. Transmit Rate and Response time for the Zigbee (Xbee) Transceivers 
The transmit rate and response time taken by the Zigbees are relatively very important. These two criteria are important 
in the sense that the data values that are needed to be transmitted and received have to reach the other Zigbee on time in 
order for the MCU to calculate and determine whether both the vehicles are going to collide or not. If the response time is 
slow, the data signals that are being exchanged might not be able to reach the opponent’s Xbee on time, which may lead to 
the crashing of both vehicles. 
For the response time test, the first parameter tested is the transmit data rate which is defined as how fast or the time 
taken for the data to be sent. In this experiment, PAN4550 module is used and also implementing the Freescale SMAC 
protocol [5]. In order to determine the minimum response time of the Zigbee, around 30,000 packets were sent using the 
SMAC protocol. The total time taken where all the data packets are sent back and forth is calculated [5]. 
4.5. Measurement of Collision Avoidance testings 
Each of the vehicles when automatically navigates to its destination coordinate, will stop after moving a certain distance 
in order for it to calculate the value with relative to the destination point. At each time when both the vehicles stop, the 
latitude and longitude values of that particular position where it is currently stopping is recorded down, and the distance 
between both the vehicles are then calculated.  The data are tabulated in Table 3. The tolerance value set in the program is 
1.0 . 
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Table 3. Theoretical and Practical Distance measured and the observation on both the vehicles movement 
 
5. Conclusions 
In conclusion, the Auto-Navigation destination and collision avoidance concept has been proven and justified through 
numerous important experiments and also calculations. The idea of implementing these features via wireless communication 
has been realized and is able to be adapted in the real vehicle implementation for future development. The accuracy of the 
GPS is exceptionally high as well making it suitable to be employed as the navigation device for this project. In terms of 
wireless communication, Zigbee is considered to be an important device as it is able to transmit and receive strong data 
packets in long distance range and is able to support up to 65000 nodes theoretically. 
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